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Optimizing manufacturing processes is crucial for achieving efficiency, reducing costs, and meeting
production deadlines. When a machine operates for a fixed number of hours each day, understanding the
production cycle—specifically, the time taken for setup and fabrication—is essential for maximizing output.
In this article, we delve into the implications of a machine available for 10 hours daily, where each part
requires 60 minutes to fabricate and an additional 10 minutes for setup. We will explore how to calculate
production capacity, strategies for minimizing downtime, and best practices for scheduling to enhance
productivity.

Understanding the Production Cycle

Breakdown of Time Components

In any manufacturing process involving machinery, the total operational time is divided into setup time
and active fabrication time:

- Setup Time: The period required to prepare the machine for a new batch or part, typically involving
adjustments, calibration, or tool changes.
- Fabrication Time: The actual time taken to produce each individual part once the machine is ready.

In our scenario:

- Setup time per batch: 10 minutes
- Fabrication time per part: 60 minutes
- Total available working hours per day: 10 hours (which equals 600 minutes)

Understanding these components helps determine how many parts can be produced within the available
time frame.



Calculating Daily Production Capacity

Assuming Sequential Production

If the machine is set up once and then fabricates multiple parts sequentially, the key is to optimize the
number of parts produced between setups.

Step-by-step calculation:

1. Determine total available minutes:
10 hours x 60 minutes = 600 minutes

2. Estimate the number of parts produced after a single setup:
Each part takes 60 minutes to fabricate.

3. Calculate total time per batch:
- Setup time: 10 minutes
- Fabrication of N parts: N x 60 minutes

Total time per batch: 10 + (N x 60) minutes

4. Find the maximum number of parts per batch within the available time:
For N parts:
10 + (N x 60) ≤ 600 minutes

5. Solve for N:
N ≤ (600 - 10) / 60
N ≤ 590 / 60 ≈ 9.83

Since we cannot produce a fraction of a part, the maximum number of parts per batch is 9.

Result:
- Maximum parts per batch: 9
- Total time per batch: 10 minutes setup + (9 x 60 minutes) = 10 + 540 = 550 minutes

Remaining time:
- Total available: 600 minutes
- Used: 550 minutes
- Remaining: 50 minutes

This leftover time can be used for additional setup or partial production, but since each part takes 60



minutes, it cannot produce an additional full part without exceeding the available time.

Implications for Daily Output

- Number of complete batches: 1 (since the total time fits within the day)
- Total parts produced: 9
- Unused time: 50 minutes (which could be used for preparation or maintenance)

Strategies to Maximize Production Efficiency

Achieving the highest possible output involves strategic planning and process improvements. Here are
some effective strategies:

1. Batch Processing Optimization

- Reduce setup times: Implement quick-changeover techniques or modular tooling to minimize downtime
between batches.
- Combine smaller batches: If feasible, plan production runs to include multiple parts in one batch to
amortize setup time over more units.

2. Continuous Workflow and Scheduling

- Staggered scheduling: If multiple machines are available, stagger their operation to ensure continuous
production flow.
- Pre-setup preparations: Prepare tools, fixtures, and materials in advance to reduce setup times during
working hours.

3. Implementing Lean Manufacturing Principles

- Minimize waste: Use just-in-time (JIT) inventory management to reduce storage and handling times.
- Streamline processes: Regularly review and improve setup procedures and fabrication workflows.



4. Technology and Automation

- Automated setup systems: Use programmable machinery and automation tools to decrease setup durations.
- Monitoring and data collection: Utilize IoT sensors and data analytics to identify bottlenecks and optimize
production schedules.

Impact of Setup and Fabrication Times on Production Planning

Understanding Lead Times

The total lead time for manufacturing a batch directly depends on setup and fabrication durations. Accurate
estimation allows better scheduling and resource allocation.

Scaling Production Capacity

If demand increases, companies can consider:

- Adding more machines: To distribute workload.
- Extending operational hours: If feasible, to produce more parts daily.
- Improving process efficiency: To reduce individual part fabrication times.

Case Study: Practical Application of Production Calculations

Let’s consider a manufacturing plant with the given parameters:

- Available daily machine time: 10 hours
- Setup time per batch: 10 minutes
- Fabrication time per part: 60 minutes

Scenario: The plant needs to produce as many parts as possible in a day.

Solution:

- As previously calculated, the maximum number of parts per batch is 9.
- Total time for one batch: 550 minutes.



- Remaining 50 minutes are insufficient for an additional full part.

Possible actions:

- Complete one batch of 9 parts.
- Use the leftover 50 minutes for maintenance, quality checks, or preparing for the next day.

If multiple batches are allowed:

- After completing the first batch, the setup time is repeated for the next batch, which is inefficient.
- To maximize output, plan for a single batch of 9 parts per day or improve setup procedures to reduce
downtime between batches.

Conclusion: Key Takeaways for Manufacturing Efficiency

- Calculate capacity precisely: Understand how setup and fabrication times impact total production.
- Optimize setup procedures: Reduce setup time to increase the number of parts produced per day.
- Leverage automation: Implement automation and quick-change systems to minimize downtime.
- Plan strategically: Schedule production runs to maximize machine utilization within the available 10
hours.
- Monitor and improve: Continuously analyze production data to identify bottlenecks and implement
process improvements.

By carefully analyzing the time required for setup and fabrication, manufacturers can develop effective
schedules, improve throughput, and meet production targets efficiently. The goal is always to reduce non-
productive time, optimize batch sizes, and leverage technological advancements to ensure the best use of
available machine hours.

---

In summary, understanding how to manage and optimize a machine available for 10 hours each day, with
each part requiring 60 minutes to fabricate and 10 minutes for setup, is fundamental for efficient
manufacturing. Through proper planning, process improvements, and strategic scheduling, companies can
maximize their daily output and maintain a competitive edge in their industry.

Frequently Asked Questions



How many parts can the machine produce in one 10-hour workday?
The machine can produce 9 parts in a 10-hour day. Each part takes 60 minutes to fabricate, totaling 540
minutes (9 hours), with 10 minutes setup time between parts, resulting in 8 setup periods. Including setup
times, the total time is 90 minutes for 9 parts, fitting within the 10-hour window.

What is the optimal number of parts to produce in a single shift?
The optimal number of parts is 9. Producing more would exceed the 10-hour limit due to setup and
fabrication times, while fewer parts would underutilize the available time.

How does the setup time impact the total production capacity?
Setup time adds 10 minutes per part, which reduces overall efficiency. For each additional part, total time
increases by 70 minutes (60 minutes fabrication + 10 minutes setup), limiting the maximum number of
parts that can be produced within 10 hours.

Is it possible to increase production efficiency by reducing setup time?
Yes, reducing setup time would allow more parts to be produced within the same 10-hour shift, increasing
overall productivity. For example, decreasing setup time to 5 minutes would enable producing more parts
in the same timeframe.

What is the cycle time per part including setup and fabrication?
The cycle time per part, including setup and fabrication, is 70 minutes (10 minutes setup + 60 minutes
fabrication).

How many total minutes are spent on setup and fabrication for producing
9 parts?
For 9 parts, total time spent on setup is 80 minutes (10 minutes per setup for 8 setups), and fabrication time
is 540 minutes, totaling 620 minutes. This fits within the 600-minute (10-hour) workday, considering
efficient scheduling.

Additional Resources
Manufacturing Efficiency

In the rapidly evolving landscape of manufacturing, optimizing production time and resource utilization
remains a critical challenge for companies seeking to stay competitive. The availability of machinery and its
operational efficiency significantly influence overall productivity, cost management, and delivery



timelines. Today, we explore a specific scenario: a machine that operates for 10 hours each day, with each
part requiring 60 minutes to fabricate and an additional 10 minutes for setup. This case exemplifies key
principles of manufacturing throughput, process planning, and efficiency analysis, providing valuable
insights for engineers, operations managers, and industry analysts alike.

---

Understanding the Operational Framework

Before delving into detailed calculations and implications, it's essential to understand the fundamental
parameters of this manufacturing setup:

- Machine Availability: 10 hours per day (which translates to 600 minutes)
- Setup Time per Part: 10 minutes
- Fabrication Time per Part: 60 minutes
- Total Time per Part (including setup): 70 minutes

This configuration reflects a common scenario where a machine requires a dedicated setup process before
each manufacturing run, impacting overall throughput. The primary focus is to determine how many parts
can be produced in a single operational day, the efficiency of the process, and potential improvements.

---

Calculating Daily Production Capacity

Step 1: Determine Total Available Minutes

Given the machine operates for 10 hours daily:

- Total available time: 10 hours × 60 minutes/hour = 600 minutes

Step 2: Calculate Time Required per Part

Each part involves:

- Setup Time: 10 minutes
- Fabrication Time: 60 minutes

Total time per part: 10 + 60 = 70 minutes



Step 3: Compute the Number of Parts per Day

Assuming the machine can only process one part at a time and that setup occurs before each part (i.e., no
batch processing or setup reuse), the maximum number of parts produced per day is:

Number of parts = Total available time / Total time per part

Number of parts = 600 minutes / 70 minutes ≈ 8.57

Since partial parts cannot be produced, the maximum whole number of parts is 8.

Result: The machine can produce 8 parts per day under current conditions.

---

Efficiency Analysis and Bottleneck Identification

1. Setup Time as a Bottleneck

The 10-minute setup per part significantly impacts productivity, especially when the fabrication time is
just 60 minutes. This setup overhead accounts for approximately 14.3% of the total cycle time per part.
When scaled across multiple parts, these setup times accumulate, reducing overall efficiency.

2. Utilization Rate

The machine's utilization rate can be computed as:

Utilization = (Total fabrication time / Total available time) × 100

Total fabrication time for 8 parts:

- 8 × 60 minutes = 480 minutes

Utilization:

(480 / 600) × 100 ≈ 80%

This indicates that, despite the setup overhead, the machine is actively fabricating for 80% of the available
time, which is reasonably efficient but leaves room for improvement.

3. Idle Time and Non-Productive Periods



Total setup time for 8 parts:

- 8 × 10 minutes = 80 minutes

Total fabrication time:

- 8 × 60 minutes = 480 minutes

Total time:

- 80 + 480 = 560 minutes

Remaining idle time:

- 600 - 560 = 40 minutes

This idle time could be an opportunity to optimize processes, such as reducing setup times, batching parts,
or scheduling maintenance.

---

Strategies for Increasing Throughput and Efficiency

1. Reducing Setup Time

- Implement Standardized Procedures: Developing standardized setup protocols can significantly cut down
preparation time.
- Use Quick-Change Fixtures: Investing in quick-change tooling or modular fixtures can reduce setup from
10 minutes to as low as 2-3 minutes.
- Batch Processing: If feasible, process multiple parts in a single setup, amortizing setup time over several
parts.

2. Batch Manufacturing

Instead of preparing the machine for each individual part, batch processing involves producing multiple
parts sequentially in one setup. For example:

- Preparing the machine once for a batch of 4 parts:
- Setup time: 10 minutes
- Fabrication time: 4 × 60 = 240 minutes
- Total: 250 minutes



- Total parts produced in one batch: 4

- Number of such batches per day:

- Total available time: 600 minutes
- Batches: 600 / 250 ≈ 2.4

- Total parts per day:

- 2 batches × 4 parts = 8 parts (same as before), but with less per-part overhead.

Alternatively, larger batches could be considered if machine capacity and process constraints allow.

3. Process Optimization

- Automating Setup Procedures: Using automation tools or semi-automated fixtures reduces manual setup
time.
- Process Standardization: Ensuring that each setup is consistent minimizes errors and delays.
- Training Operators: Skilled operators can reduce setup and changeover times.

4. Technological Improvements

- Upgrading machinery to models with faster changeover capabilities.
- Incorporating digital controls and sensors for quicker calibration.

---

Implications for Production Planning and Cost Management

Understanding the interplay between setup time, fabrication duration, and machine availability informs
strategic decisions in production planning:

- Cost per Part: Longer setup times increase the cost per part, especially when producing small batches.
- Lead Times: Efficient batching and setup reduction can lower lead times, improving customer satisfaction.
- Resource Allocation: Optimizing machine utilization ensures better ROI and resource management.

Example Calculation: Cost Implication

Suppose the cost of machine operation per minute is $1. Then:

- Cost per part with current setup:



- Setup cost: 10 minutes × $1 = $10
- Fabrication cost: 60 minutes × $1 = $60
- Total: $70

Reducing setup time to 5 minutes:

- Setup cost: 5 minutes × $1 = $5
- Fabrication cost remains $60
- Total: $65

This marginal reduction in setup time saves $5 per part, which can be significant over large production
runs.

---

Final Thoughts and Recommendations

The scenario of a machine available for 10 hours daily, with 60 minutes of fabrication and 10 minutes of
setup per part, highlights essential considerations in manufacturing efficiency:

- Maximizing Throughput: Producing 8 parts per day is feasible but leaves room for process improvements.
- Reducing Setup Time: Implementing quick-change techniques and batching can substantially increase
daily output.
- Balancing Batch Sizes: Larger batches reduce per-part setup overhead but may introduce inventory and
storage considerations.
- Continuous Process Improvement: Regular analysis of process bottlenecks and technological upgrades can
lead to sustained productivity gains.

In conclusion, while the current setup provides a solid foundation for daily production, strategic
interventions focused on reducing setup times and optimizing batch processing can elevate efficiency,
reduce costs, and enhance competitiveness in the manufacturing domain. Companies adopting such practices
position themselves well for future growth and technological advancement.
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